(Communicated by Hamao UMEZAWA, M. J. A., Jan. 12, 1977) We previously reported that smoke condensates from fish showed high mutagenic activity (Nagao et al., 1977a ; Sugimura et al.,1977) . Charred material in the surface layer of broiled fish and meat also contained a high mutagenic potential (Nagao et al., 1977a; Sugimura et al., 1977) . Subsequently it was revealed that mutagenic principles were formed by pyrolysis of protein but not carbohydrate, nucleic acid and vegetable oil (Sugimura et al., 1977) . This report deals with mutagenic principles in the pyrolysis products of D, L-tryptophan and D, L-phenylalanine.
The most plausible structures from the former were 3-amino-1, 4-dimethyl-5H-pyrido [4, 3-b] indole and 3-amino-l-methyl-5H-pyrido [4, 3-b] indole. The structure of the active principle of D, L-phenylalanine was proved to be 2-amino-5-phenylpyridine.
Since pyrolysis products are very likely to be produced by cooking proteinous food, such as fish and meat, by direct exposure to the flame, and since the correlation between mutagens and carcinogens have been generally accepted in recent investigations Sugimura et al., 1976) , there is a strong probability that cooked foods in which charred material from proteinous components are produced might play a role in carcinogenesis generally occurring in human.
Mutagenicity tests were carried out using an improved method (Nagao et al., 1977b; Yahagi et al., 1977) of the Ames test . Test material, bacteria and S-9 Mix prepared from the liver of rats treated with polychlorinated biphenyl were prein- 330 g of D, L-tryptophan was heated in a flask over a gas burner and the resulting tar wad condensed in a reservoir cooled by ice. About 205 g of tar was obtained.
The tar was extracted from an alkaline aqueous phase with ether, and the ether extract was evaporated and dissolved in ethyl acetate. The ethyl acetate soluble fraction was then subjected to silica gel column chromatography. After washing with ethyl acetate, a fraction showing mutagenic activity as a single peak was obtained with 30% methanol in ethyl acetate.
Harman and norharman, which were the principal basic products of D, L-tryptophan pyrolysate and which were nonmutagenic in our test, were removed by ethyl acetate washing.
The mutagenic fractions were pooled and subjected to alumina column chromatography.
They were then eluted with 30% methanol in ethyl acetate. The pooled mutagenic fractions were further separated on a CM-Sephadex C-25 column. Elution was done with the mixture of methanol and 2.0 N acetic acid (3:1, v/v) to yield a single peak with mutagenic activity. Finally, the pooled mutagenic fractions were further separated into two peaks on a Sephadex LH-20 column using methanol as a solvent. From the fraction with first peak showing a high mutagenic activity, a crystalline material was obtained as acetate salt. The second peak fraction with a high mutagenic activity was further purified by CM-Sephadex chromatography and another crystalline material was obtained.
The specific mutagenic activities of the crude tar, the pooled mutagenic peak fractions from subsequent purification steps, and final crystalline materials are given in Table I . The presence of mutagenic principles other than the two found could be ruled out Detailed data will be published in a full paper elsewhere. Metabolic activation is required to exert the mutagenicity of Trp-P-1 and
The tar of D, L-phenylalanine was similarly mutagenic, and an active principle showing mutagenicity was isolated and proved to be 2-amino-5-phenylpyridine, which had previously been isolated as an antif ungal substance (Kosuge and Zenda, 1976) . Metabolic activation was also required to exert its mutagenicity. The specific mutagenic activity proved to be weaker than that of Trp-P-1 and Trp-P-2 obtained from D, L-tryptophan pyrolysis. The specific mutagenicity of the two crystalline materials, Trp-P-1 and Trp-P-2, was fairly high, and showed a similar degree of the activity as 4-nitroquinoline 1-oxide. Although a strict relation has not yet been established between mutagens and carcinogens, strong mutagenic principles as represented by N-methyl-N'-nitro-N-nitrosoguanidine, 2-(2-f uryl) -3-(5-nitro-2-f uryl) acrylamide and aflatoxin B1 have been known to be strong carcinogens.
Carcinogens that show much less mutagenic activity than Trp-P-1 and Trp-P-2 include many typical carcinogens, such as N-2=fluorenylacetamide, N, N-dimethyl-4-aminoazobenzene, benzo (a) pyrene and N-nitrosodimethylamine.
It is, therefore, quite reasonable to expect the car- 
